The genus Veillonella consists of small, obligately anaerobic, Gram-negative cocci that lack flagella, spores and capsule (Igarashi et al., 2009) . According to latest edition of Bergey's Manual of Systematic Bacteriology, the genus Veillonella belongs to the family Veillonellaceae of the bacterial phylum Firmicutes (Carlier, 2009) . Members of the genus Veillonella have been isolated mainly from the oral cavity and intestinal tract of humans and other homeothermic vertebrate animals. Short-chain organic acids are the source of energy for members of this genus (Sutter, 1984; Delwiche et al., 1985) . At the time of writing this manuscript, the genus Veillonella comprised the following species: Veillonella parvula, Veillonella atypica, Veillonella dispar, Veillonella criceti, Veillonella ratti, Veillonella rodentium, Veillonella caviae, Veillonella montpellierensis, Veillonella denticariosi, Veillonella rogosae and Veillonella magna Rogosa, 1965; Jumas-Bilak et al., 2004; Byun et al., 2007; Arif et al., 2008; Kraatz & Taras, 2008) . Of these, V. parvula, V. dispar, V. atypica, V. montpellierensis, V. denticariosi and V. rogosae have been isolated from humans. A strain described as a member of the V. ratti-V. criceti group has been found in the semen sample from a human patient receiving infertility treatment at a urology unit (Marchandin et al., 2005) . Species of the genus Veillonella may be associated with monomicrobial infections in humans (Marchandin et al., 2001) such as the endocarditis caused by V. montpellierensis (Rovery et al., 2005) . Of the abovementioned species of the genus Veillonella, only V. parvula, V. dispar, V. atypica, V. denticariosi and V. rogosae have been isolated from human oral cavities Rogosa, 1984; Byun et al., 2007; Arif et al., 2008) .
Assignment of the taxa to the genus Veillonella is quite straightforward, but species-level identification of the members of the genus is difficult owing to the lack of discriminating phenotypic tests (Kolenbrander, 1992) . Molecular methods based on 16S rRNA gene sequencing including PCR-RFLP analysis have been used to identify strains from the genus Veillonella at the species level (Sato et al., 1997; Marchandin et al., 2003) . However, recent studies have shown that identification of the members of this genus by using only 16S rRNA gene sequencing is not reliable (Marchandin et al., 2003) . To overcome this problem, partial sequence analysis of the housekeeping genes, including rpoB, dnaK and gyrB, have been used to define species of the genus Veillonella (Jumas- Bilak et al., 2004; Byun et al., 2007; Arif et al., 2008) . This approach has enabled clear discrimination between species that are well defined on the basis of DNA-DNA hybridization data, but that are poorly defined on the basis of 16S rRNA gene sequences. In fact, V. denticariosi and V. rogosae has been proposed as two new oral species of the genus Veillonella on the basis of the results of molecular analysis using dnaK
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene, dnaK and rpoB gene sequences of the strains B16 and rpoB gene sequencing in conjunction with sequence analysis of the 16S rRNA gene (Byun et al., 2007; Arif et al., 2008) . In addition, Beighton et al. (2008) successfully used the rpoB gene sequence rather than the 16S rRNA gene sequence to discriminate between 253 isolates from the genus Veillonella from human tongue at the species level. Recently, Igarashi et al. (2009) reported successful designing of species-specific primer sets for oral species of the genus Veillonella V. parvula, V. dispar, V. atypica, V. denticariosi and V. rogosae, based on a highly variable region (positions 250023100) in the rpoB gene.
The aim of our previous study was to determine the distribution and frequency of oral species of the genus Veillonella in the tongue biofilm of healthy human adults (age, 22-29 years) by using these species-specific primer sets (Mashima et al., 2011) . In the present study, no PCR products were detected using the species-specific primer sets with the DNA from 12 strains isolated from six subjects and further cultured on Veillonella agar (Rogosa, 1956) , while the DNA from the 12 strains generated PCR products with the Veillonella genus primer (Mashima et al., 2011) . In this study, we describe the characterization of four representative strains from these 12 isolates from the genus Veillonella, compare them with the established species of the genus Veillonella and propose a novel oral species of the genus Veillonella.
The four novel strains were obtained from the tongue biofilm of three healthy human adults, subjects A, B and Y, aged 23-26 years, at the general dentistry clinic of the Health Sciences University of Hokkaido (Japan) in 2011. Strain A16 was isolated from subject A, strains B4 and B16 T were purchased from the American type Culture Collection (ATCC), Manassas, VA, USA, or the Japan Collection of Microorganisms (JCM), Wako, Saitama, Japan and were used as targets for comparison in the present study. Cultures were performed on Bacto Brain Heart Infusion (Difco Laboratories, BD) supplemented with 5 % (v/v) defibrinated sheep blood (BHI blood agar) and the selective medium Veillonella agar (Rogosa, 1956) , supplemented with vancomycin (final concentration, 7.5 mg ml
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). Plates were incubated at 37 u C under the anaerobic condition (N 2 , 80 %, H 2 , 10 %, CO 2 , 10 %) for five days.
The colonies of the strains B16 T , A16, B4 and Y6 cultured on BHI blood agar for five days at 37 u C under anaerobic conditions were circular, smooth, greyish-white, opaque and approximately 0.5-2 mm in diameter without a zone of haemolysis. When these strains were cultured on Veillonella agar, a selective medium with basic fuchsin, decolourization was not observed at the area around the colonies, although the type strain of other species of the genus Veillonella such as V. parvula, V. dispar, V. atypica, V. denticariosi and V. rogosae decolorized basic fuchsin in the Veillonella agar selective medium. Cells of the isolates were Gram-negative, coccus-shaped and arranged singularly or in pairs. Cells were non-spore -forming and nonmotile. For electron microscopy of ultrathin sections, cultures (5 day-old) were fixed in a solution of 2.5 % (v/v) glutaraldehyde prepared in 0.1 M potassium phosphate buffer (pH 7.4) for 2 h at 4 u C. The cells were centrifuged (20 000 g for 15 min) and washed three times with the same buffer, post-fixed with 1 % osmic acid for 18 h at 4 u C and dehydrated for 10 min each with 50 %, 75 %, 90 %, 95 % and 100 % (v/v) ethanol. Preparations were washed with 33.3 %, 66.6 % and 100 % (v/v) epoxy resin in propylene oxide for 60 min and then embedded in 100 % epoxy resin. After hardening, ultrathin sections were cut with a diamond knife and stained with uranylacetate and lead citrate. The thin sections were studied with a JEM-1010 electron microscope (JEOL) at high magnification to distinguish cellular structures. The ultrathin sections allowed visualization of the structural components (outer membrane, thin peptidoglycan layer and cytoplasmic membrane) that are characteristic of a Gram-negative cell wall (Fig. S1a , available in IJSEM Online); the results obtained were consistent with the previous findings for other members of the genus Veillonella (Bladen & Mergenhagen, 1964; Jumas-Bilak et al., 2004; Byun et al., 2007) . The cells were spherical with a convoluted surface and the diplococcal shape of the cells was observed (Fig.  S1b) . The cells varied in size (0.3-0.7 mm) with a mean size of 0.5 mm, which, except for V. magna (Kraatz & Taras, 2008) , was consistent with previous observations of other member of the genus Veillonella (Holt et al., 1994; Arif et al., 2008) .
In the disc diffusion assay, the four strains displayed susceptibility to colistin (10 mg, Becton, Dickinson and Company) and metronidazole (4 mg, bioMérieux), but were resistant to vancomycin (30 mg, Becton-Dickinson). Resistance to kanamycin (30 mg, Becton-Dickinson) was strain-dependent. Strains B16 T , A16, B4 and Y6 were all negative for catalase examined under aerobic conditions, but were weakly positive under anaerobic conditions. They were tested at least three times by using the rapid ID 32A identification kit and API ZYM (bioMérieux), according to the manufacturer's instructions. The positive results of phenotypic characterization obtained using either kit, including differential features, are given in Table 1 . The oral Veillonella species, V. parvula (ATCC 10790 T ), V. dispar (ATCC 17748 T ), V. atypica (ATCC 17744 T ), V. denticariosi (JCM 15641 T ) and V. rogosae (JCM 15642 T ) were used as targets for comparisons. Also, V. caviae (ATCC 10790 T ) and V. rodentium (ATCC 17743 T ) were used because they were considered to be phylogenetically closely related to the novel strains. In either kit, carbohydrates, including sugars, were not fermented. All new strains were negative for the following: urease, indole production, glutamic acid decarboxylase, arginine dihydrolase, arginine arylamidase, proline arylamidase, leucyl I. Mashima and others glycine arylamidase, phenylalanine arylamidase, leucine arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, glutamyl glutamic acid arylamidase, serine arylamidase, esterase (C4), esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin and a-chymotrypsin. Furthermore, gas was not produced, which were assessed by visual observation of gas babbles in the 10 ml aliquot of trypticase-glucose-yeast extract (TGY) medium incubated at 37 u C for 5 days under anaerobiosis, which is atypical for the genus Veillonella. Short chain fatty acids as the major metabolic end products in the TGY medium were analysed by GC-MS after incubation at 37 u C under anaerobic condition for five days according to the method described previously by Tangerman & Nagengast (1996) . These results shows that these novel strains produced acetic and propionic acids in the following respective amounts: 4.6 and 2.6 mM for B16 T , 2.9 and 3.1 mM for A16, 3.1 and 3.1 mM for B4 and 4.3 and 2.3 mM for Y6, similar to other species of the genus Veillonella (Carlier, 2009; Holt et al., 1994; Jumas-Bilak et al., 2004) .
The cellular fatty acids of the strains B16
T , A16, B4, Y6 and the related type strains were analysed using the equivalent amount of bacterial cells cultured under the same growth conditions, Veillonella agar medium for five days under anaerobic condition at 37 u C for all bacterial strains. For analysis, the Sherlock Microbial Identification System version 4.5 with the BHIBLA of MIS Standard Libraries database (MIDI) was used after methyl esterification of fatty acids according to the manufacturer's instruction. Cellular fatty acid profiles for the strains B16 T , A16, B4 and Y6 were similar to each other and consistent with those of other species of the genus Veillonella (Table S1) , with the dominant fatty acids C 13 : 0 and C 17 : 1 v8 (Jumas-Bilak et al., 2004; Byun et al., 2007) . As for minor fatty acids, C 11 : 0 except for A16 and Y6, C 12 : 0 , C 14 : 0 , C 15 : 0 , C 16 : 1 v9c, C 16 : 0 , C 17 : 0 , C 18 : 1 v9c and C 18 : 0 were found in trace amounts in common with other species of the genus Veillonella.
DNA was extracted from the individual bacterial cells isolated on Veillonella agar by using the InstaGene Matrix kit (Bio-Rad), according to the manufacturer's instructions. PCR-based amplification and sequencing of the 16S rRNA genes were performed using previously described primers (Paster et al., 2001) and ABI PRISM 310 Genetic Analyzer (Applied Biosystems). Alignments of the newly determined sequences (1514-1520 nt) and related GenBank retrieved sequences were performed using LASERGENE (DNASTAR), SEQMAN II and MEGALIGN including CLUSTAL W, while the NJPlot program and PhyML program were used to compare sequences and to reconstruct evolutionary trees by the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Olsen et al., 1994) methods. Phylogenetic distances were calculated according to the Kimura two-parameter model. Confidence values were assessed by CLUSTAL W with bootstrap analysis. Bootstrap analysis was performed on the basis of 1000 replicates; support is represented as percentages. Alignment of the 16S rRNA gene sequences showed 99.0-99.3 % similarity among the sequences of strains the B16 T , A16, B4 and Y6. These results indicate that the four isolates are closely related and belong to the same species. The evolutionary distance the tree obtained for the members of the genus Veillonella is shown in Fig. 1 . It is evident from 16S rRNA-gene-based phylogeny that the strains B16 T , A16, B4 and Y6 formed a distinct, monophyletic unit. However, these isolates show maximum 16S rRNA gene sequences similarity to V. rogosae JCM 15642 T (99.3 %). When the maximum-likelihood method was used for phylogenetic analysis to reconstruct phylogenetic trees based on 16S rRNA gene sequences, the resultant tree had the same appearance with the novel strains on a distinct branch separated from other Veillonella species with a bootstrap value of 37 % for the 16S rRNA gene (tree not shown). These data indicate that these four strains belong to the genus Veillonella, but 16S rRNA gene sequence analysis did not reliably distinguish between species of the genus Veillonella, which has been previously demonstrated (Jumas-Bilak et al., 2004; Byun et al., 2007; Arif et al., 2008) .
PCR-based amplification and partial sequence analyses of dnaK and rpoB were performed using previously described primers (Marchandin et al., 2003; Arif et al., 2008) . The sequences determined with an ABI PRISM 310 Genetic Analyzer were aligned with each other and connected by using SEQMAN II of the LASERGENE program (DNASTAR). The programs MEGALIGN including CLUSTALW, NJPlot and PhyML were used to compare sequences and to reconstruct an evolutionary tree by the neighbour-joining method and maximum-likelihood method. Also, confidence intervals were assessed by CLUSTALW with bootstrap analysis. In particular, pairwise similarity values were determined with MEGALIGN in the LASERGENE program. The dnaK (607-626 nt) and rpoB (541-577 nt) partial sequences of strains B16 T , A16, B4 and Y6 were aligned against the sequences of the representative strains retrieved from GenBank. As the dnaK partial sequences of the type strain of V. parvula and V. rogosae were unavailable, we determined the partial dnaK sequence for the type strains of these two species. The four isolates formed a distinct taxon with robust bootstrap support (93.2 %) in the dnaK tree (Fig. S2) within the genus Veillonella. The dnaK partial sequence similarity among the four isolates was 98.7-99.7 %. The mean dnaK sequence similarity among the four isolates and the strains belonging to V. parvula, the most closely related species, was 91.0 %, indicating that the strains B16 T , A16, B4 and Y6 represent a novel species. The threshold for dnaK genebased species delineation in the genus Veillonella is 96-98 %, which has been previously demonstrated (Kraatz & Taras, 2008) and is also supported by this result of the present study. In addition the four isolates formed a distinct taxon, 97.7-99.1 % inter-strain sequence similarities, in the rpoB tree (Fig. S3) within the genus Veillonella. Pairwise similarity analysis among our isolates and the recognized species of the genus Veillonella showed low 
*Strain A16, B4 and Y6 showed the same results as strain B16 T .
DData from Holt et al. (1994) ; cell diameter generally given for the genus Veillonella. dStrain B16 T , A16, B4 and Y6 displayed a weak (W) catalase reaction under anaerobic conditions. §Numbers in parentheses indicate the strength of the positive reaction (from 3 to 5).
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International Journal of Systematic and Evolutionary Microbiology 63 levels of rpoB partial sequence similarity. All pairs showed less than 82.3 % similarity. On the other hand, when the maximum-likelihood method was used for phylogenetic analysis to reconstruct phylogenetic trees based on rpoB and dnaK gene sequences, the resultant trees had the same appearances, with the novel strains on a distinct branch separated from other Veillonella species with a bootstrap value of 34 % for rpoB and 45 % for dnaK ( Figs S4a, b, S5 ). According to the present and previous results, this approach is valid for distinguishing between Veillonella species (Jumas-Bilak et al., 2004; Byun et al., 2007; Arif et al., 2008) . In the present study, a novel species was not separated satisfactorily by using 16S rRNA gene sequence comparisons but was defined clearly when rpoB and dnaK gene sequence data were considered. Based on comparison analysis of the rpoB gene sequences in the present study, the interspecific similarity varied between 62.8 % (V. denticariosi JCM 15641 T versus V. magna lac18 T ) and 95.6 % (V. denticariosi JCM 15641
T versus V. rodentium ATCC 17743 T ). The intraspecific similarities of the rpoB gene sequences of strains of examined species varied between 97.7 % and 99.1 % (V. tobetsuensis). This comparison produced a 96-97 % threshold for rpoB gene-based species delineation in the genus Veillonella.
On the other hand, in the case of dnaK, the maximum value of interspecific similarity was 95.2 % (V. denticariosi JCM 15641
T versus V. rodentium ATCC 17743 T ). The intraspecific similarities of the dnaK gene sequences of the novel strains of varied between 98.7 % and 99.7 %. The comparison study showed a 96-98 % threshold for dnaK gene-based species delineation in the genus Veillonella. This is the same result as for a previous study (Kraatz & Taras, 2008 where the type strain and three other strains supporting the description of the species were isolated).
Cells are coccoid (0.3-0.7 mm in diameter) and occur singly or in pairs. They are obligate anaerobic, Gramnegative, non-motile and non-sporulating, with a convoluted surface. Colonies on BHI blood agar are 0.5-2 mm in diameter without zone of haemolysis and appear as circular, smooth, opaque and greyish-white colonies after 5 days of incubation under anaerobic conditions at 37 u C. The decolourization of basic fuchsin was not observed at the area around the colony in the Veillonella agar selective medium. Cells are all negative for catalase examined under aerobic conditions and positive for nitrate reduction. Cells do not produce acids from carbohydrates and do not exhibit extracellular glycosidic enzyme activities. Alkaline phosphatase, pyroglutamic acid arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are present, and gas is not produced under anaerobic conditions in TGY medium. The major acid end-products are acetic acid and propionic acid under anaerobic conditions. The major cellular fatty acids produced are C 13 : 0 and C 17 : 1 v8, consistent with other species of the genus Veillonella. Strains of this species can be differentiated from other species of the genus Veillonella by dnaK and rpoB sequence analysis.
The type strain B16 T (5JCM 17976 T 5ATCC BAA-2400 T ) was isolated from tongue biofilm of healthy human adults aged 26 years. The strains A16, B4 and Y6, isolated from similar subjects, aged 23-26 years, are also included in the same species in the genus Veillonella.
